Physical Activity and Renal Transplantation
session of activity, and the frequency is represented by the number of sessions of activity per week. The combination of these three components, intensity, duration and frequency, determines the whole amount of physical activity. The absolute intensity of physical activity is expressed as MET (Metabolic Equivalent Task). One MET corresponds to the amount of energy consumed by the person while sitting at rest and, conventionally, it consists in an oxygen consume of 3.5 millilitres per kilogram of body weight per minute or, alternatively, to 1 kCal per kilogram body weight per hour. According to the intensity, physical activities are classified in moderate and vigorous. Moderate-intensity physical activities range from 3.0 to 5.9 METs, while vigorous-intensity activities are those with ≥6.0 METs [1] (Table 1) .
Assessment of physical activity needs reliable and accurate measurements because imprecise quantification may hidden or even mislead the relationship between physical activity and health. The most common methods used to evaluate the human physical activity are based on self-reported questionnaires which are easy to use and inexpensive, but they are also prone to several biases. Indeed, it has been reported that using the International Physical Activity Questionnaire (IPAQ), that is one of the most complete and commonly used, the relationship between physical activity and some diseases risk factors is hidden. This approach seems to underestimates the strength with disease when compared with an objective, accelerometer-based methods [2] .
Recommended levels of physical activity
According to the World Health Organization, physical activity is strongly recommended for healthy individuals with the aim to improve cardiorespiratory and muscular fitness, bone Table 1 . Intensity of common physical activities [1] systematic data on physical activity in renal transplanted patients are limited. The aim of this brief review is to point out on the current level of physical activity in renal transplant patients and its relationship with either cardiovascular risk factors and nutritional parameters or clinical outcomes.
Definition and measurement of physical activity
Physical inactivity is the absence of any physical activity or exercise; conversely, physical activity is represented by any bodily movement produced by skeletal muscles requiring energy expenditure.
Usual physical activity of individuals includes domestic activities, occupational doings, walking, recreational or sport activities and intentional physical exercise. The intensity of physical activity is the rate of energy expenditure necessary to perform it, the duration is the length of time spent for each and functional health, and to reduce the risk of non-communicable diseases, depression and cognitive decline [3] . For adult subjects, it is recommended at least 150 minutes of moderateintensity or, in alternative, at least 75 minutes of vigorous-intensity aerobic physical activity per week performed in sessions of 10 minutes duration, at least. To obtain additional benefits, subjects should increase moderate-intensity activity to 300 minutes or vigorous-intensity activity to 150 minutes per week. In addition, muscle-strengthening activities should be done involving major muscle groups on two or more days a week. Also subjects over 65 years with poor mobility should perform physical activity on three or more days per week. In the case they cannot do the recommended amounts of physical activity due to the health conditions, they should be as physically active as their abilities and conditions allow [3] . Benefits of being physically active implementing the WHO recommendations, compensate the possible risks associated to physical activity even at older ages. Indeed, at the recommended level of physical activity, musculoskeletal injury is uncommon. Nevertheless, to reduce the risks of musculoskeletal injuries, moderate start of physical activity and a stepwise progression to the higher levels is suggested.
The international KDOQI guidelines for patients with kidney diseases suggest patients with chronic kidney disease to undertake aerobic physical activity compatible with cardiovascular health and tolerance. It is recommended at least 30 minutes of moderateintensity physical activity five times per week (corresponding to a minimum range from 450 to 750 MET-minutes per week). This suggestion is associated with the lifestyle recommendations to achieve a healthy weight (corresponding a BMI in the range 20 to 25 kg/mt 2 ) and to stop smoking [4] .
Habitual physical function and physical activity at the start and during the renal transplantation
Low physical functioning is expected at the time of kidney transplantation since ESRD patients often have reduced muscle mass and/or impaired physical capacity due to either co-morbidities or dialysis treatment itself. Further specific factors related to kidney transplantation itself, such as renal failure, immunosuppressive treatment, obesity, diabetes, may contribute to the impairment of physical performances in transplanted patients with respect to age-and sex-matched general population. A recent observational study evaluates the level of physical performance in a small group of 26 renal transplant candidates over 60 years (average Age, 67 yrs; Male, 58 %; Diabetes, 65 %; average Dialysis Vintage, 33 mos) which were compared with subjects with chronic diseases different from renal failure (diastolic heart failure; chronic obstructive pulmonary disease; high cardiovascular disease risk). Physical function was evaluated by several methods: Short Physical Performance Battery (SPPB) test, which evaluates the time needed to walk four meters at a normal pace, the time needed to stand up and sit down five times, the ability to maintain balance with feet together in fixed positions; the hand grip strength, which measures the skeletal muscle function; the Pepper Assessment Tool for Disability (PAT-D), which is a 19-item self-report questionnaire that assess difficulty with functioning. In this study, old people with advanced renal disease referred for renal transplantation had always impaired physical function as compared with elderly adults with every other chronic disease [5] .
To evaluate the impact of such lower physical function in elderly renal transplant recipients on outcomes, a group of 64 old transplant recipients (average Age, 64 yrs; Male, 65 %; Diabetes, 29 %; average Dialysis Vintage, 26 mos) were compared with 338 younger patients (18-60 yrs), to evaluate the potential risk factors that may predict the graft and patient outcomes. Besides delayed graft function, smoking history and longer waiting time in dialysis, the lower graft and patient survival rates were associated with pre-transplant physical inactivity, too. Therefore, in elderly kidney transplant recipients the poor functional capacity predicts a poor outcome [6] . Such relationship was observed also in younger renal transplant recipients. Using the physical performance component of the Short Form 36, a retrospective study examined the physical function in a cohort of 366 dialysis patient on waiting list for renal transplantation who actually received the renal transplantation (average Age, 43 yrs; Male, 57 %; Diabetes, 37 %; average Dialysis Vintage, 13 mos). The Authors found that a higher pre-transplant physical functioning score was a significant predictor of lower risk for hospitalization and death in renal transplanted recipients. A limitation of this study is that the time interval between patient reporting of physical functioning status and receipt of kidney transplant was almost 10 months and, hence, this finding needs to be confirmed [7] .
As a consequence of impaired physical capacity, spontaneous physical activity is expected to be low in renal transplanted patients. A small study evaluated prospectively the level of physical activity in 32 consecutive ESRD patients (average Age, 46 yrs; Male, 38 %; Diabetes, 6 %; average Dialysis Vintage, 34 mos) admitted to renal transplantation. The physical activity was evaluated by self-administered questionnaires: the Baecke questionnaire evaluated the habitual physical activities (leisure; sport; occupation) and the Five-City Project, a 7-days recall questionnaire, evaluated both the amount and the intensity of physical activity. Similarly to elderly renal transplant candidates which have reduced physical performance, also these younger renal transplanted patients (immediately prior to renal transplantation) were less physically active than healthy subjects, and their physical activity was on average 25% reduced as compared to age-matched healthy subjects [8] . Several modifiable factors may influence the level of physical activity in renal transplant recipient. A recent study evaluates the determinants of physical activity in 88 kidney recipients by mean of a semistructured interview two months after renal transplant [9] . Most of these patients were sedentary (76%) and, besides the better physical functioning, physical activity level was also associated with private insurance and high self-efficacy. Nonetheless, such model explained only 10-15% of physical activity; younger age and higher social functioning predicted high self-efficacy for physical activity [9] .
Only one small study, performed in sixteen renal transplanted children (average Age, 13 yrs, Male, 31 %, average Dialysis Age, 6 mos; Transplant duration, 59 mos; GFR, 77 ml/min/1.73 m 2 ) evaluated the physical activity by an accelerometer which allows to quantify either the amount or the intensity of physical activity. Only three children (18.5 %) reached the recommended levels for moderate-vigorous physical activity and the most part of the daily individual activity (58.5 %) resulted as sedentary. Therefore, pediatric renal transplanted patients are basically physically inactive, and their physical activity level is of low intensity. In this study, as it was already observed in other studies, the exercise capacity and physical fitness were impaired, as well [10] .
The behaviour of physical activity in advanced phase of renal transplantation is unclear. It is reported in a small study that patient's habitual physical activity decreases during the first month after kidney transplantation, but thereafter it increases and reaches a plateau at one year after transplantation. At this time, physical activity level is approximately 30 % higher than baseline; five years after kidney transplantation, the physical activity level seems to remain unchanged. Therefore, this study suggests that physical activity after renal transplantation may increase spontaneously [8] . Another larger, randomized clinical trial evaluated the impact of individually prescribed programs of physical exercise at the time of transplantation (97 pts; average Age, 40 yrs; Male, 56 %). One year after transplantation, the regular, habitual physical activity slightly reduced in the control group, from 47 to 36 % of subjects (NS). Instead, the exercise training significantly increased from 50 to 67 %; nonetheless, no changes in body composition between the two groups were observed [11] .
Physical activity and cardio-vascular risk in renal transplantation
The outcome of renal transplanted patients is poor as compared with the general population and the major cause of impaired survival is represented by cardiovascular diseases. These are much more frequent in transplant recipients than in the general population because of the high prevalence of cardiovascular risk factors, both traditional and non-traditional, including inadequate lifestyle and poor physical activity. In the general population physical activity improves the CV risk profile and, thus, it is conceivable that physical activity should impact on CV risk also in renal transplanted patients. Unfortunately, data about physical activity in renal transplanted patients are limited, based on subjective self-reported questionnaire and mainly uncontrolled. Cardio-vascular risk factors related to cardiorespiratory fitness have been studied in seventy-one glucose-intolerant kidney transplant patients (average Age, 55 yrs; Male, 55 %; average Transplant duration, 5.7 yrs; Diabetes, 52 %). Cardiorespiratory fitness was measured by the peak oxygen uptake (VO2) by expired gas analysis and the physical activity was measured by a set of items adapted from the Physical Activity Statewide Questionnaire. The number of sessions and the time spent on different category of activity were evaluated; it was also analysed the patients' perceptions of their activeness and whether patients were achieving recommended targets of physical activity. Cardiorespiratory fitness in renal transplanted patients resulted significantly lower than expected. Specifically, patients with metabolic syndrome (63%), which had reduced cardiorespiratory fitness, had reduced physical activity and were more frequently physically inactive (76 vs 48%). Cardiorespiratory fitness was correlated with physical activity and the lower cardiorespiratory fitness was associated with physical inactivity. Whether increasing physical activity should improve cardiorespiratory fitness in renal transplanted patients remains to be determined [12] . This relationship was explored also in renal transplanted children. Studies evaluating the physical fitness in children with kidney transplant reported that the cardiorespiratory fitness was significantly reduced, children had low muscle strength and exercise capacity, and they were mostly physical inactive (evaluated by the Previous Day Physical Activity Recall test) [13, 14] . Since cardiorespiratory fitness is reduced in uremic children, the impact of physical exercise was assessed in a prospective, controlled study in 16 children after renal transplantation. Physical exercise training of 3-5 hours per week allowed to increase the cardiorespiratory fitness, attaining levels comparable to controls with a sedentary lifestyle [15] . A systematic review of 21 studies (6 retrospective and 15 intervention-studies) analysed the association among exercise and several intermediate outcomes such as physical functioning, metabolic syndrome, kidney function and immune function [16] . The major evidence of the systematic review was that habitual physical activity is positively associated with quality of life and aerobic fitness and negatively associated with body fat.
Physical activity and nutrition in renal transplantation
Data about the interrelationships between physical activity and nutrition are very limited in renal transplanted patients. A prospective cohort study of 540 patients (average Age, 51 yrs; Male, 54 %) investigated the association among physical exercise and several intermediate outcomes. Physical activity was estimated by a validated questionnaires (Tecumseh Occupational Activity and Minnesota Leisure Time Physical Activity questionnaires). The level of physical activity resulted negatively related to metabolic syndrome, fasting insulin and triglycerides serum levels, and positively related to muscle mass estimated by 24-hour urinary creatinine excretion [17] . In a cross-sectional, observational study in 82 adult renal transplanted patients (average Age, 52 yrs; Male, 69 %; average Transplant duration, 4.4 yrs), physical activity, measured by the Physical Activity Statewide Questionnaire, was inversely related to glucose tolerance especially in females. In this study, patients with abnormal glucose tolerance test were more obese (in particular central obesity), and the higher body fat mass was associated with lower physical activity [18] . Another recent prospective study explored in 26 renal transplanted patients (average Age, 51 yrs; Male, 48 %) the role of physical activity on weight gain occurring after renal transplantation and the associated risk factors. This is the only study in adult transplanted patients in which the physical activity was objectively measured by means of an accelerometer device. One year after renal transplantation, only 19 % of patients achieved to take more than 10.000 steps per day and patients with the higher weight gain, which was largely due to body fat increase, had the lower physical activity. In addition, the higher weight gain was strongly related to total cholesterol and triglyceride serum levels. Hence, fat gain after renal transplantation seems to be related to low physical activity [19] . Of course, RCTs are needed to confirm the benefits of physical activity on metabolic and nutritional status in renal transplanted patients, as well as to evaluate the potential impact on morbidity and mortality.
Physical activity and outcomes in renal transplantation
Eight-eight kidney transplant recipients (average Age, 48 yrs; Male, 58 %; Diabetes, 9 %) were evaluated for physical activity by means of semi-structured interviews, two months after renal transplantation. It was used the Physical Activity Scale for Elderly (PASE), a self-administered, 21-item questionnaire exploring household, occupational and leisure time activities over the past 7-day period. All the patients were studied prospectively and changes in renal function over time were explored. A greater physical activity at baseline was associated with improvement in graft function in the following 6 to 12 months. These findings suggest that higher physical activity in patients with kidney transplant may favourably affect graft functioning. Whether increasing physical activity should improve renal function outcome in renal transplanted patients need to be confirmed by RCT [20] . The systematic review of 21 studies on physical activity in renal transplanted patients indicates that exercise interventions has beneficial effects also on aerobic capacity and muscle strength, but only minimal effects on metabolic syndrome, immune system and kidney function [16] . It is noteworthy that all the studies of this systematic review were based on assessments of physical activity by self-reported questionnaires rather than accelerometer devices. The association between low physical activity and cardiovascular and all-cause mortality in kidney transplant recipients was studied in a cohort of five-hundred-forty patients (average Age 51, yrs; Male, 54 %) using validated questionnaires. Along the five-year of follow-up, lower physical activity was strongly associated with increased risk for cardiovascular and all-cause mortality [17] .
Summary
The investigations existing in the literature about the physical activity in renal transplanted are few and show several limitations. In most cases, the number of patients are small, lack of adequate controls, have a cross-sectional design or only a short period of follow-up. More important, virtually all adult studies estimate physical activity only with self-reported questionnaires, and therefore a subjective, inaccurate modality, rather than effectively measuring physical activity by means of objective, computable, methods. Hence, the physical activity in adult, stable renal transplant patients is ultimately largely unexplored. Given these limitations, available data suggest that patients referring for renal transplantation have impaired physical functioning, even when compared with subjects with other chronic disease. Consequently, the spontaneous physical activity is low at the time of transplantation but seems to increase, even not up to normal levels, after transplantation when physical functioning ameliorates. Moreover, low physical activity is associated with reduced cardio respiratory fitness and impaired metabolic and nutritional status. Finally, very limited data suggest the hypothesis of a link between physical activity and clinical outcomes, but no evidence exists on the impact of physical activity and exercise training on morbidity and mortality and graft survival in kidney transplanted patients ( Table 2) . As a whole, up to now, it seems judicious to counsel and encourage for more physical activity as a part of routine medical care in renal transplanted recipients.
